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ABSTRACT 

A simple  method  for  determining  the  effect  on  calculated  radial 
brightness  distributionc  of  changing  the  assumed  electron  density  by 
a constant  factor  is  presented  and  illustrated. 

A preliminary  value  of  8.5  x 10^  for  the  apparent  temperature 
of  the  quiet  sun  at  200  Me.  has  been  deduced  from  a series  of  obser- 
vations made  during  November  1952. 

Preparation  of  two  technical  reports  covering  the  radio  tele- 
scope observations  of  the  sun  at  200  Me.  during  the  periods  1948- 
1950  and  1951-1952  respectively  is  being  continued. 

The  program  of  determination  of  200  Me.  burst  source  position 
lines  for  60  active  days  in  the  period  August  1950  - December  1952 
has  been  completed. 

A method  has  been  developed  to  determine  the  position  lines  of 
sources  of  excess  base  level  from  simultaneous  recordings  with  radio 
telescope  and  radio  interferometer. 

The  programs  of  cooperation  with  the  McMath-Rulbert  Observatory 
and  the  Institute  of  Nuclear  Studies,  University  of  Chicago,  and  the 
daily  information  service  to  the  Central  Radio  Propagation  Laboratory, 
National  Bureau  of  Standards  have  been  continued. 

v 


200  He.  data  for  the  last  quarter  of  1952  have  'been  sent  to  the 


International  Astronomical  Union.  Similar  data  for  the  first  quarter 
of  1953  are  presented  in  a table. 

Sally  observations  of  the  sun  at  200  Me.  with  the  solar  mount 
and  the  radio  Interferometer  have  been  continued. 

A new  method  designed  to  reduce  errors  In  setting  the  Inter- 
ferometer antennas  to  the  proper  altitude  angle  Is  described  and 
preliminary  results  of  Its  use  are  given. 

The  bandwidth  of  the  receivers  used  with  the  solar  mount  and 
the  Interferometer  has  been  reduced  from  5 Me.  to  1 Me. 

New  coaxial  switches,  of  the  capacity  type,  have  been  designed 
and  built.  The  results  of  preliminary  tests  on  them  are  reported. 

A permanent  reference  line  for  the  geometrical  alignment  of 
the  Interferometer  antennas  has  been  established. 

A clock  controlled  switch  to  automatically  start  and  stop  the 
fast  Interferometer  recorder  has  been  Installed. 

A simple  computer  to  calculate  the  local  hour  angles  of  sky  re- 
ference points  without  refarince  to  tables  has  been  built  and  Is  de- 
scribed. 

A brief  description  of  the  papers  on  radio  astronomy  presented 
to  the  Joint  URSI-IRS  meeting  held  In  Washington  on  27-30  April  1953 
le  given. 
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SCOP*  07  PROJXCT 


The  project  conducts  research  In  radio  astronomy  Including  an 
Investigation  of  the  noise  and  wave  propagation  characteristics  of 


the  stratosphere  In  order  to  determine  the  natural  limitations  Im- 
posed on  electronic  methods  for  tracking  and  searching  of  objects 
passing  through  the  stratosphere.  In  the  Investigation,  studies 
will  be  made  of  the  following  problems: 

(a)  determination  of  noise  magnitudes  and  apparent  source  di- 


rections: 

(b)  determination  of  magnitude  and  regularity  of  high  altitude 


reflections; 
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(c)  determination  of  absorbing  bands; 

(d)  correlation  or  va),  (t\»  and  (c)  abore,  with  the  weather, 
time  of  day.  seasonal  variations  and  astronomical  posi- 
tions; 

(e)  observations  over  as  wide  a frequency  range  as  possible. 

The  design  and  construction  of  c microwave  telescope  and  per- 
formance of  a general  surrey  of  the  most  useful  properties  of  each 
telescope  with  respect  to  the  field  of  research  specified  will  be 
made. 

STATUS 

A.  THEORETICAL  WOBI 

1.  Theory  of  the  Solar  Atmosphere 

Jrom  a study  of  eclipse  photographs,  van  de  Hulst  (B.A.H.,  11, 
135*  1950)  derived  a model  corona  In  which  the  electron  density  a- 
long  an  equatorial  diameter  at  sunspot  maximum  exceeded  that  at  sun- 
spot minimum  by  the  constant  factor  l.?8.  The  electron  density  dis- 
tribution for  sunspot  maximum  was  chosen  for  the  spherically  symmet- 
ric solar  model  used  In  the  Cornell  calculations  of  radio  brightness 
(Radio  Astronomy  Status  Report  So.  2C,  pp.  3~3)  because  the  corona 
Is  known  to  be  most  nearly  spherical  at  this  phase  of  the  solar  cycle. 

A simple  way  has  now  been  found  to  determine  the  effect  or.  the 
calculated  radial  brightness  distributions  of  changing  the  assumed 
electron  density  by  any  constant  factor.  This  makes  It  easy  to  cal- 
culate the  change  In  appearance  with  sunspot  cycle  that  the  quiet 
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radio  tun  would  suffer  If  lt«  coronal  electron  density  varied  every- 
where in  the  Banner  suggested  by  van  de  Hulst  for  the  equatorial 
regions.  The  method  ie  not  restricted  to  an  isothermal  atmosphere 
such  as  was  assumed  in  the  Cornell  calculations.  It  is  based  on  an 


examination  of  the  general  ray  theory  expression  for  the  effective 
or  brightness  tempersture  of  monochromatic  radiation  emerging  from 
the  sun  ed.ong  a ray  trajectory  (ibid  pp.  11,  26), 


Ce“/  T*~T<1t* 


Here,  T is  the  kinetic  temperature  at  the  point  on  the  ray  where  the 
optical  depth  is  x , and  the  integration  is  to  be  carried  out  over 
the  entire  trajectory.  The  optical  depth  of  a point  on  the  ray  is 
simply  the  line  Integral  of  the  linear  power  abeorption  coefficient 
taken  along  the  ray  from  observer  to  the  point.  In  terms  of  assumed 
radial  distributions  of  temperature  T(r)  and  olectron  density  N(r), 
have  (ibid  p.  14) 

r 

dr,  U> 

oo  * r 

where  K i®  a ®lowly  varying  function  of  f and  T, which  we  have  here 
o 

regarded  as  constant.  Thla  is  the  optical  depth,  for  frequency  f, 
of  a point-  distant  r from  the  renter  of  the  sun  on  a ray  which  emerges 
from  the  corona  in  the  direction  of  the  earth  at  a dietance  p from 
the  sun-earth  center  line. 


If  now  the  electron  density  is  everywhere  changed  by  the  con- 


T'  -**  •-.•it  < l ~ 


•tant  factor  K.  It  follows  from  equation  (2)  that 


T (Kfl,T,f ,p; r)=  T(N,-|jj  *p;r). 


and  so,  by  equation  (1), 


T#(O.T,f.jj)  = I2^  V"’^*  -g*  P). 


That  la.  ao  far  as  the  effective  temperature  la  concerned,  changing 
the  electron  denalty  by  a constant  factor  la  equivalent  to  changing 
the  frequency  and  the  kinetic  temperature  by  constant  factors.  The 
situation  la  even  simpler  at  high  frequencies,  for  If 
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at  all  points  on  the  ray  trajectory  (l.e.  If  the  refractive  Index 
(1  - e2 IJ/irm  f2)*  Is  nearly  unity), the  change  In  electron  density  may 
be  considered  equivalent  to  a change  In  kinetic  temperature  alone. 
Thus,  when  condition  (5)  1»  satisfied, 

j2 


which  Implies  that 


T ( KB.T , f , p;  r)=  T (N.-frr,  f ,p:  r) , 


&/  3 


and  sc,  by  (l), 


Te(OJ.T,f.p)  S W3Te(K.-2^*f,p): 
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equations  (U)  and  (?)  show  that,  one*  the  tedious  job  of  cal- 
culating brightness  temperatures  for  a particular  electron  density 
distribution  H at  a number  of  frequencies  and  for  several  temper- 
ature distributions  which  differ  only  by  constant  factors  has  been 
completed,  little  additional  labor  Is  required  to  determine  the  re- 
sult of  changing  H by  a constant  factor  X. 

Figure  1 shows  the  effect  on  the  radial  brightness  distribu- 
tions at  100  , 600,  and  3000  Me.  of  halving  (1-0.5)  the  coronal 
electron  density  of  the  Cornell  solar  model,  the  temperature  dis- 
tribution remaining  unchanged  with  a coronal  temperature  of  10^  °X 
and  a chromospheric  temperature  of  10^  °X.  This  approximates  the 
change  from  sunspot  maximum  (X-1.0)  to  sunspot  minimum  (X~0.5). 
assuming  no  change  In  the  shape  or  temperature  of  the  solar  atmos- 
phere. Actually,  both  optical  and  radio  evidence  Indicate  that  the 
rorona  1*  far  from  spherical  at  sunspot  minimum,  so  It  Is  better  to 
regard  the  curves  for  X-0.5  as  applying  only  to  the  equatorial  dia- 
meter of  the  solar  dish. 

A preliminary  comparison  of  the  J000  Me.  brightness  curves 
shown  In  Figure  1 of  Badlo  Astronomy  Status  Report  Ho.  22  with  the 
results  of  the  drift  observations  reported  by  Covington  at  the  re- 
cent U.R.S.I.  meeting  (see  Section  JC)  has  been  made . Assuming  an  ap- 
parent temperature  of  8.5x10^  (see  Section  B) , and  using  equation  (7) 
with  K = .?  to  adjust  the  calculated  curves  roughly  to  the  fact  that 
Covington's  observations  wore  made  near  sunspot  minimum,  it  is  found 
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that  u chromospheric  temperature  of  20,000  X la  required  to  yield 
the  cantral  brightness  temperature  of  24,000  °E  deduced  by  Covington. 
This  chroaoaphorlc  temperature  aay  be  Interpreted  aa  the  aean  elec- 
tron temperature  over  the  region  In  the  chroaoaphere  where  the  op- 
tical depth  la  of  the  order  of  unity.  With  a uniform  chromospheric 
teaperatura  of  20,000  °X,  f«  1 for  3000  Me.  at  a height  of  10,500  km 
above  the  photoaphere  of  tha  Cornell  aodel. 
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B.  ANALYSIS  OGf  SOLAR  OBSERVATIONS 

1.  Aba o lute  Level  of  the  Quiet  Sun 

A preliminary  valuo  of  the  abaolute  level  of  the  quiet  eun  hae 
been  deduced  from  a aerlea  of  twelve  obaervationa  aade  during  Novem- 
ber, 1952.  The  flux  from  the  quiet  eun  la  ?.l  ♦ 0.9  x 10-22  watte 
per  square  meter  per  cycle  per  aecond  which  correaponde  to  an  appa- 
rent temperature  of  8.5  * 10^  °K.  Thla  value  haa  been  obeerred  qs- 
1 ng  a bandwidth  of  5 Me.  with  conaequent  dlfflcultlea  In  antenna 
matching  over  the  bandwidth.  Tha  obaervationa  are  to  be  repeeted 
with  a 1 Me.  bandwidth  aB  deacrlbed  In  Section  0. 

2.  Solar  Obaervationa  1945-1952 

The  reduction  and  tabulation  of  the  aolar  data  for  1948-1952  la 
eaaentlally  complete.  It  now  remalna  only  to  convert  the  median  flux 
Talus 5 from  the  arbitrary  scale  unit#  of  the  recording  meter  to  power 
unite.  All  preparatory  atepa  for  thla  power  converalon  have  been  com- 
pleted. The  preparation  of  twe  technical  reporte  covering  the  aolar 
obaervationa  with  radio  teleacope  during  the  periods  1948-1950  end 
1951-1952  respectively  is  progressing  aa  planned. 
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3*  Interferometer  Observations 

Buret  source  poeltlon  lines  on  the  sun's  disk  have  been  deter- 
mined for  active  periods  during  the  time  interval  July  - December 
1952.  This  completes  the  program  of  determination  of  buret  source 
position  lines  for  all  days  of  solar  activity  during  the  period 
August  1950  - December  1952  for  which  usable  interferometer  records 
are  available.  A total  of  about  60  active  days  aseociated  with  ap- 
proximately 20  different  active  regions  have  been  considered. 

A method  has  been  developed  for  determination  of  the  position 
lines  on  the  sun's  disk  of  the  sources  of  excess  base  level.  The 
method  Is  based  on  simultaneous  radio  Interferometer  and  radio  tele- 
scope recording  of  the  sun  on  the  same  frequency,  and  give*  position 
lines  for  the  sxceas  base  level  source  relative  to  the  center  of  the 
quiet  radio  sun  as  well  as  an  upper  limit  for  the  diameter  of  the 
source.  The  position  line  determinations  are  independent  of  the  day 
to  day  changes  in  the  interferometer  errors  which  constitute  a major 
source  of  uncertainty  In  the  corresponding  determinations  of  position 
lines  for  burst  sources.  The  method  has  been  successfully  applied 
to  a few  selected  records.  It  is  now  planned  to  attempt  determina- 
tions of  position  lines  and  diameters  of  excess  base  level  sources 
for  all  days  for  which  burst  source  position  line  determinations  have 
boen  made. 

The  combination  of  position  line  determinations  for  burst  sources 
and  excess  base  level  sources  may  lead  to  significant  new  information 
about  the  physical  conditions  under  which  the  enhanced  radiation  and 
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bursts  ar«  emitted  from  active  eolar  reglona.  Thus  the  addition  of 
the  new  method  for  analysis  of  the  Interferometer  and  radio  teleacope 
recorda  of  the  sun  haa  appreciably  widened  the  acope  of  the  dally 
aolar  observation  In  general  aa  well  aa  of  the  study  of  the  active 
perioda  during  the  tine  Interval  August  1950  - December  1952  In  par- 
ticular. A sequence  of  3 papers  Is  now  being  considered; 

1.  Publication  of  the  joint  McMath-Hulbert  Observatory 
and  Cornell  paper  on  simultaneous  observations  of  active  aolar 
regions  by  spectrohellograph  and  of  burst  sources  by  radio  In- 
terferometer In  the  period  August  1950  - May  1951.  This  paper 
was  presented  to  a UBS  I-  IRA  joint  meeting  In  October  1951  *nd 
to  the  American  Astronomical  Society  In  December  1951  (abstract- 
ed In  Badlo  Astronomy  Status  Report  Ho.  16,  1 September  1951. 
page  U,  and  the  Astronomical  Journal  1952).  The  full  paper  has 
been  withheld  from  publication  pending  a clarification  of  the 
radio  Interferometer  errors  and  the  Interpretation  of  two  of  the 
records  Involved  In  the  study.  The  necessary  Information  la  now 
available. 

2.  Preparation  and  publication  of  a paper  covering  the 
Cornell  radio  Interferometer  observations  on  200  Me.  of  the 
position  lines  on  the  aun'a  dish  of  burst  sources  and  excess 
baso  level  sources  during  the  period  August  1950  - December 
1952. 

3.  Preparation  and  publication  of  a Joint  McMath-Hulbert 
Observatory  and  Cornell  paper  which  combines  the  optical  and 
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radio  Interferometer  study  of  active  regions  on  the  sun  froa 
August  1950  to  December  1952. 
d Cooperation  with  the  McHath-Hulbsrt  Observatory 

The  program  of  cooperation  with  the  HeMath-Hulbsrt  Observatory 
has  been  continued. 


5 • Dally  Data  for  CHPL 

The  dally  Information  service  to  the  Central  Radio  Propagation 
Laboratory,  National  Bureau  of  Standards,  han  been  continued. 

6.  Cooperation  with  the  Institute  of  Unclear  Studies 

The  program  of  cooperation  vlth  the  Institute  of  Nuclear  Studies. 
University  of  Chicago,  has  been  continued. 

7.  International  Cooperation 

200  He.  data  for  the  fourth  quarter  of  1952  have  been  sent  to 
the  Editor  of  the  Bulletin  of  Solar  Activity  of  the  International 
Astronomical  Union.  Cor  responding  data  for  the  first  quarter  of 
1953  Lave  been  prepared. 

8.  Hourly  Record  of  Solar  Characteristics 

Data  obtained  from  the  12  Inch/hour  records  of  the  sun  at  200 
Me.  for  the  period  January  - March  1953  are  presented  In  Table  1. 


C.  CURRENT  OBSERVATIONS 


i . xne  aim 

Daily  observations  of  the  sun  at  20C  Me.  vlth  the  solar  mount 
ana  the  radio  Interferometer  have  beer,  continued. 

In  tie  period  1 January  - 31  March  1953»u*aBl®  records  were  ob- 
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a a 1 x day  period  of  the  solar  altitude  angle  at  transit,  the  an- 
tennas are  then  securely  fastened  at  this  setting  for  the  entire 
alx  day  period. 

With  the  new  method,  preliminary  measurements  of  the  day  to 
day  errors  show  a prohahle  error  of  1 second  in  time  compared  to 
about  5 seconds  using  daily  settings  and  the  old  altitude  scale. 
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2.  The  200  Me.  Deceivers 

Due  to  the  difficulties  encountered  In  Impedance  matching  the 
present  antennas  over  * 5 Me.  hand  and  also  In  establishing  the  ab- 
solute level  of  solar  flux,  both  solar  mount  and  Interferometer  re- 
ceivers were  changed  to  *,  1 Me.  bandwidth.  In  order  to  keep  the  final 
DC  gain  of  the  receivers  at  a reasonable  level,  the  first  30  Me.  17 
stage  was  removed.  It  was  found  however  that  the  local  oscillators 


(1/2  of  ?78W's)  became  very  sensitive  tc  even  slight  temperature 


I 0 


variations.  Also,  since  correlation  Is  made  between  the  solar  mount 
and  Interferometer  records,  It  Is  Important  that  the  center  frequen- 
cies of  the  two  receivers  should  remain  the  same.  7or  these  reasons 
a crystal  controlled  external  oscillator,  serving  both  receivers.  Is 
being  built  and  Is  nearly  complete.  The  general  receiver  behavior  Is 
very  satisfactory,  and  the  noise  factor  showed  slight  !mprovemsnt  af- 
ter the  ponvwrsior; . 


3-  Coaxial  Switches 

Up  to  date,  remotely-controlled  mechanical  coaxial  switches  are 
being  used  to  obtain  half-hourly,  tvo-mlnute  reference  load  levels. 
At  this  rate  of  cycling,  the  life  span  of  these  switches  Is  rapidly 
exceeded,  and  contact  resistance  causes  a variable  Impedance  to  be 
seen  b.v  the  receiver  Input.  To  overcome  this  difficulty  and  to  at- 
tain long-term  constant  impedance  switching,  a capacity-type  switch 
was  designed,  built,  and  tested.  When  the  first  of  its  three  termi- 
nals was  connected  to  a !J H7  bridge  and  terminal  number  two  provided 
with  a 53  ohm  load  at  2G0  Me.,  the  measured  impedance  was  found  to 
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oe  50  ohms  with  sero  phase  angle.  Terminal  number  three  showed  the 
same  Tallies  to  within  a fraction  of  an  oha  and  can  be  made  identical. 
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It  was  also  found  that  the  band  was  flat  over  three  Me.  further 
tests  showed  no  measureable  insertion  loss  and  a 32  db  rejection  be- 
tween terminals  two  and  three,  final  mechanical  details  are  being 
worked  on  at  this  time. 

4.  Asimuth  Markers 

In  order  to  have  a permanent  reference  line  for  the  geometrical 
alignment  of  the  interferometer  antennas,  two  concrete  piers  are  be- 
ing built.  Spaced  about  1000  feet  apart  on  an  approximate  S-S  line, 
these  piers  consist  of  3*x3,x2'  concrete  slabs  set  41  below  ground 
lerel  with  pyramidal  columns  extending  to  ground  lewel.  A 6 inch 
square  brass  plate  is  set  on  the  top  surface  of  each  pyramid  and 
proTided  with  a cross  mark.  The  entire  structure  is  steel  reinforc- 
ed to  establish  the  asimuth  of  these  stations  to  at  least  1/2  second 
of  arc,  and  periodic  measurements  will  be  made  at  regular  interwals 
to  determine  any  possible  shifts  due  to  ground  flow. 

5.  Automatic  recorder  switch 

A clock  controlled  switch  to  start  and  stop  the  3n/m\n  inter- 
ferometer recorder  at  pre-set  times  was  installed  on  14  March.  This 
arrangement  makes  it  possible  to  obtain  high  speed  Interferometer 
records  on  weekends  without  requiring  the  presence  of  an  operator. 

6.  Hour  angle  computer 

A simple  computer  has  been  designed  to  eliminate  the  necessity 
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of  preparing  and  consulting  tables  to  determine  the  local  hour  ang- 
les of  the  sky  reference  points  to  which  the  solai  mount  is  pointed 
at  the  beginning  and  end  of  each  soIat  observation. 

The  device  consists  of  two  concentric  circular  scales,  D and  T, 
mounted  directly  on  the  hour  angle  dial  H of  the  solar  aount  control 
panel  (see  figure  2).  Scale  D Is  divided  into  365  parts,  labelod 
with  the  days  of  the  year,  and  is  cemented  firmly  to  B.  Scale  T is 
divided  into  24  hours  with  10  minute  subdivisions , and  may  be  ro- 
tated relative  to  D and  H. 

In  operation,  the  eastern  standard  time  of  the  observation  on 
Scale  T is  set  opposite  the  date  of  observation  on  Scale  D.  Next, 
the  index  I is  rotated  until  its  hairline  is  over  the  time  on  Scale 
T that  corresponds  to  the  right  ascension  of  the  desired  reference 
point.  The  local  hour  angle  of  this  reference  point  is  then  found 
on  dial  E under  the  hairline. 

*.  comers 

Dr.  C.  R.  Burrows  and  Hr.  S.  M.  Colbert  attended  the  EBJt  meet- 
ings in  New  York  City  on  23-26  March. 

Mrs.  M.  S.  Carpenter  presented  a talk  on  radio  astronomy  at  Mt . 
Holyoke  College  on  24  April. 

Mr.  Leif  Owren  visited  the  Radio  Astronomy  Project  during  the 
period  May  6 - 9 to  discuss  with  staff  members,  problems  connected 
with  the  interferometer  - radio  telescope  observations  and  their 
reduction  to  yield  information  about  the  location  and  diameter  of 
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FIG.  2 HOUR  ANGLE  COMPUTER 


the  excsss  base  level  sources.  He  also  discussed  the  current  re- 


conetructlon  of  the  preeent  200  Me.  receivers  end  certain  technical 
problems  connected  with  a proposed  new  radio  Interferometer. 

Dr.  C.  H.  Burrows  and  Mr.  X.  X.  Reinhart  attended  the  joint 
ORSI  - IRC  meeting  held  at  the  Rational  Bureau  of  Standards  on  2?- 30 
April,  1953  the  Symposium  on  Radio  Astronomy  held  at  the  Rational 
Academy  of  Selenoes  on  April  2$. 

Ths  papers  presented  to  Commission  V of  UR2I  were  divided  Into 
thres  groups,  the  <luiet  Sun,  the  Active  Sun,  and  non*Solar  Sources, 
with  a separate  technical  session  devoted  to  each. 

Session  on  the  quiet  sun 

1.  C.  HKIHHART  described  the  brightness  distributions  to  be  ex- 
pected at  radio  frequencies  from  a model  of  the  quiet  sun  based  on 
reductions  of  optical  data  by  Vlldt  and  van  de  Eulst.  The  effect  of 
varying  the  assumed  distributions  of  temperature  and  electron  density 
was  also  Illustrated.  Tor  further  details  see  Section  A of  this  and 
previous  Status  Rsports. 

In  a serlss  of  four  papers.  J.  P.  HAQSH  and  his  co-workers  de- 
scribed the  Raval  Research  Laboratory  expedition  to  Khartoum,  Africa 
to  observe  the  solar  eclipse  of  Jsbruery  25»  1952  at  wavelengths  of 
6. 6 mm  and  9.4  cm. 

The  antenna  used  at  6 mm  had  a fan  shaped  beam  which  allowed  ob- 
Bervatlon  of  the  radiation  from  a narrow  strip  across  the  sun.  Ths 
resultant  eclipse  curve  Indicated  the  existence  of  not  only  the  bright 
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limb  predicted  by  theory,  but  a bright  center  ae  veil.  A theoretical 
explanation  of  the  latter  feature  hae  been  found  and  will  be  publlah- 
ed  ehortly. 

At  9*4  cm.  the  antenna  beaa  Included  the  entire  tun  and  the 
aeaaured  ecllpee  curve  had  to  be  corrected  for  the  enhanced  emleelon 
from  two  email  apot  groups.  Aeeumlng  radial  symmetry,  a eet  of  pos- 
sible brightness  distributions  vat  derived.  All  of  these  Included 
limb  brightening,  and  the  aoet  plausible  of  them  vae  found  to  be  in 
good  agreecent  with  a calculated  brightness  distribution  based  on  a 
tolar  model  given  by  Hagen  In  1949. 


A.  1.  COVINGTON  described  hie  150  foot  slotted  waveguide  array 

1° 


which  produces  a fan  shaped  beam  of  angular  dimensions  g by  20  at 
a wavelength  of  10. 3 cm.  Drift  curves  obtained  with  this  antenna  In- 
dicate that,  la  the  absence  of  sunspots,  the  10. 3 cm  sun  Is  symmetri- 
cal about  lte  center.  Trom  a knowledge  of  the  polar  diagram  of  the 
antenna,  the  drift  curves  can  also  be  made  to  yield  the  brightness 
distribution  across  the  quiet  sun.  This  le  found  to  possess  a ring 
which  Is  twice  ae  bright  ae  the  central  region  and  Is  located  Just 
outside  the  visible  photoephere.  from  the  known  total  flux  at  this 
wavelength,  the  effective  temperature  of  the  nearly  uniform  central 
region  wae  calculated  to  be  24.000°!. 

A few  radio  spots  have  aleo  been  observed,  using  the  new  an- 
tenna and,  with  one  exception,  were  always  aeeoclatad  with  visual 
sun  spote.  In  the  dlecueelon  that  followed  the  paper.  Dr.  Helen 
Dodson  of  the  McMath-Rulbert  Observatory  pointed  out  that  the  ex 
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ceptlonal  radio  spot  could  toe  associated  with  an  active  region  vle- 
ltole  In  calcium  1 l©h t . 

J.  t.  SEES  described  the  use  of  the  N.R.L.  $0  foot  dish  to  study 
9.5  mm  radiation  from  the  sun  and  moot).  Drift  studies  of  th,.  sun 


confirm  the  exlstenco  of  the  bright  limb  and  center  required  to  ex- 


plain the  ecllpso  observations  Just  described.  The  moon  study  Is 

expected  to  permit  evaluation  of  the  coefficients  of  absorption  and  i 

3 


thermal  conductivity  in  the  moon's  surface  layer. 

i 

In  an  unscheduled  paper,  MARTIN  RYU  described  the  Interfero- 
metric observations  at  the  Cavendish  Laboratory  of  the  sun  at  wave- 
lengths of  06.  1.4,  3-7.  and  7.9  meters.  He  finds  that  the  ouiet 

i 

* 

sun  brightness  distributions  at  these  wavelengths  cannot  be  predictec 

from  solar  models  based  on  optically  derived  data.  In  particular,  1 

the  outer  corona  must  have  a considerably  higher  electron  dens  lty 
and  a much  lower  temperature  to  explain  the  observations.  Moreover- 

i 

« 

studiee  of  the  occultatlon  by  the  outer  corona  of  tha  radio  »t»f 

5 

t 

Taurus  A seem  to  Indicate  the  existence  of  large  Inhomogene itlos  In 
this  region  of  the  solar  atmosphere. 


Tor  a more  detailed  account  of  the  Cavendish  observations  see 
pages  26,  27,  31,  32,  3^>  37  of  Radio  Astronomy  Status  Report  No,  71. 
Session  on  the  Active  Sun 

RARI  K.  SEN  presented  theoretical  evidence,  applicable  to  strong 
shocks,  to  support  Denlsse's  conclusion  that  the  narrow  bandwidth 
oo’tts  of  solar  noise  arise  through  space  charge  amplication  in  shoe* 
f ronts. 
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TAOO  HATA5AIA  described  the  analytic  f 200  Me.  tolar  bursts 
at  recorded  simultaneously  using  a radio  telescope  and  a radio  Inter- 
ferometer accepting  linear  polarised  radiation  at  Ithaca,  and  a radio 
telescope  alternately  accepting  right  and  left  hand  circular  polar- 
ised radiation  at  Sacramento  Peak.  Iron  a comparison  of  the  three 
records,  the  bandwidth  and  location  of  bursts  of  different  polarisa- 
tion can  be  calculated. 

A physical  interpretation  of  the  degree  of  polarisation  of  bursts 
originating  in  the  magnetic  field  of  a model  sunspot  was  also  descrlb- 
od. 

LEIT  0VB2N  dlscussod  the  principles  underlying  the  design  of  a 
combined  200  Kc.  radio  interferometer  and  radiometer  now  under  con- 
struction at  the  Department  of  Terrestrial  Magnetism.  Vlth  this 
instrument  it  is  hoped  that  a determination  of  the  position  of  in- 
dividual solar  bursts  will  be  possible. 

In  a joint  paper  with  Mr.  A.  2.  Covington,  DH.  HELEN  DODSON  gave 
a preliminary  description  of  the  relatione  between  tolar  flares  ob- 
served at  the  McMath-Hulbert  Observatory,  and  2800  Me.  outstanding 
disturbances  observed  by  Covington  at  Ottawa, 

Flares  are  designated,  1-,  1,  1+,  2,  3,  in  order  of  increasing 
importance,  while  the  2800  Me.  radio  disturbances  are  divided  into 
six  categories,  as  follows: 

S a single  small  burst,  structure  unspsclfled. 

S#  a single  burst  with  simple  structure  (one  maximum). 


SgP  ar.  S§  burst  with  a post  burst  increase  ir.  base  level. 

Sc  a single  burst  with  complex  structure(tvo  or  store  maxima) . 

SCP  an  Sc  burst  with  a post  burst  <rnrease  in  bass  level. 

0 gradual  rise  and  fall  in  base  level. 

Those  outstanding  disturbances  which,  for  lack  of  complete  data, 
could  not  be  classified  with  certainty  are  designated  Inc. 

Over  a 2 year  period,  Covington  listed  a total  of  183  such  out- 
standing disturbances  at  2800  Me.  McMath-Hulbert  was  observing  at 
the  time  of  105  of  these  and  found  a flare  or  subflare  In  the  case 
of  all  but  three  of  them.  One  of  the  three  was  accompanied  by  a fast 
ejection  near  the  limb,  and  In  the  remaining  two  cases,  it  can  only 
be  said  that  no  flare  occurred  in  the  area  of  the  sun  under  observa- 
tion. Of  the  78  radio  disturbances  for  which  no  flare  observations 
were  available,  1?  were  accompanied  by  severe  ionospheric  distur- 
bances. It  can  be  concluded  that  an  outstanding  event  at  2800  He. 
is  nearly  always  accompanied  by  a flare  or  subflare. 

The  reverse  statement  is  not  true,  however.  During  the  periods 
that  Covington  was  observing.  HcMath-Hulbart  found  a total  of  3^1 
flaree,  and  only  158  (UQ%)  of  them  were  accompanied  by  an  outstanding 
occurrence  at  2800  Me.  The  percentage  of  flares  of  a given  Impor- 
tance having  an  associated  radio  event  were 

1-  1 1+  2 3 

19?  45?  88?  881  86? 

It  is  seen  that  the  brighter  flares  are  much  mors  likely  to  b«  ac- 
companied by  a radio  disturbance  at  2800  Me.  Of  the  total  of  158 
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radio  associated  flares,  the  fractions  occurring  with  each  type  of 
radio  event  were 

S 0 8.P  S,  SCF  5C  Inc. 

24?  20?  18?  13?  12?  7?  6? 

Of  the  flares  which  accompanied  a given  type  of  radio  disturbance 

the  fractions  that  were  of  Importance  2 or  3 **re 

S 0 S„P  S,  SgP  Sc 

3?  19?  2§?  0?  64?  46? 

Severe  Ionospheric  disturbances  wsre  observed  In  the  case  of 
4 2?  of  the  flares,  but  If  only  radio  aasoclated  flares  of  Impor- 
tance 2 or  3 ft™  considered,  the  figure  rises  to  60?. 

Comparison  of  the  radio  data  with  flare  light  curves  revealed 
the  following  facts.  The  radio  disturbance  and  Its  associated  flare 
usually  start  together;  In  particular.  If  there  Is  a radio  precursor. 
It  does  not  precede  the  flare.  However,  the  radio  radiation  usually 
reaches  its  maximum  Intensity  befors  the  flare  light  curve  does.  If 
the  radio  disturbance  Involves  a buret,  flare  maximum  generally  coin- 
cides with  ths  end  of  the  burst.  If  there  Is  a gradual  rise  and  fall 
In  base  level  or  a post  burst  Increase,  Its  duration  Is  of  the  same 
order  as  that  of  ths  visible  flare.  Moreover  the  flares  accompanying 
this  type  of  2900  Me.  radio  disturbance  nearly  always  occur  near  the 
central  meridian  of  the  sun.  No  each  correlation  with  flare  position 
was  observed  for  radio  events  which  Involved  only  bursts. 

HE.?.  T.  RADDOCI  reported  on  a comparison  between  the  times  of 
occurrence  of  solar  outbursts  at  3*^5  cm  observed  at  the  Naval  Be- 
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search  Laboratory  and  solar  flare  light  curves  observed  In  H-clpha 
at  the  KcKath-Hulbert  Observatory.  It  was  found  that  aany  flares 
were  not  accompanied  by  3 cc  bursts,  but  for  those  that  were,  the 
two  sees  to  start  together,  the  burst  usually  reaching  Its  maximum 
before  the  flare  does. 

Son-Solar  Sources 

In  the  first  of  two  papers.  RUDOLPH  NIHXOVSII  described  an  at- 
tempt to  explain  the  continuous  radio  frequency  spectrum  of  the  Crab 
nebula,  which  has  been  Identified  with  the  radio  source  Taurus  A. 
The  spectrum  of  this  source  differs  from  that  of  others  In  bslng  es- 
sentially constant  with  frequency.  It  was  found  necessary  to  assume 
that  there  are  non-thermal  sources  within  the  Crab  nebula  whose  energy 
distribution  is  altered  by  absorption  In  the  Ionised  gas  of  the  nebula. 

DR.  MINKOWSKI'S  second  paper  compared  the  radio  luminosity  of 

the  four  strongest  radio  sources  with  that  of  our  galaxy  and  the 

Andromeda  nebula.  The  exlsslvlty  per  gram  of  the  former  sources 

» 

Is  of  the  same  order  of  magnitude  as  that  observed  In  sunspots.  Ask 
pie  kinetic  energy  for  such  radiation  is  available  in  the  collision 
of  gas  clouds  at  high  velocity. 

J.  D.  KRAUS  described  the  new  250  He.  radio  telescope  at  the 
Ohio  State  University,  and  presented  the  results  of  a galactic  sur- 
vey conducted  with  the  Instrument. 

JOHN  S.  GIBSON  described  the  Naval  Research  Laboratory1!  obser- 
vation of  the  lunar  eclipse  of  29  January  1953  »t  a wavelength  of 
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8.5  u>.  Tvo  radiometer*,  connected  to  parabolic  antennae,  ten  and 
fifty  feet  in  diaaeter  respectively,  were  used  to  etudy  the  radial 
brightness  distribution  of  the  soon  during  the  eclipse.  Within  the 
error  of  neasurenent,  no  variation  in  the  brlghtneee  distribution 

was  observed. 

B.  I.  1VJN  dlscuseed  the  principles  underlying  the  design  of 
Harvard's  new  radio  telescope.  This  instrument  will  operate  over 
the  frequency  range  of  300  - 1600  Me.  and  will  be  used  prlaarlly  for 
research  on  the  1420  Me.  hydrogen  line. 

F.  BIBLIOGRAPHY 

The  collection  of  references  and  preparation  of  abstracts  for 
inclusion  in  Supplements  to  the  "Bibliography  of  Jfxtraterrestrlal 
Hadio  Noise"  (Radio  Astronomy  Report  Ho.  11)  is  progressing.  Recent 
additions  to  the  list  of  referencos  are  given  in  Appendix  I. 

0.  PROGRAM  FOR  TH»  NEXT  QUARTER 

1.  The  Investigation  of  the  radio  frequency  radiation  to  be  ex- 
pected from  various  models  of  the  quiet  sun  will  be  completed.  Final 
results  will  b*  submitted  to  the  Astrophysical  Journal  for  publi- 
cation and  will  be  described  in  more  complete  detail  in  a technical 
report. 

2.  Daily  observations  of  the  sun  at  200  Me.  with  solar  mount 
and  radio  lnterferomets r will  be  continued. 

3.  Analysis  of  solar  observations  will  be  continued. 
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b.  The  programs  of  cooperation  with  the  McMath-Hulbert  Observa- 
tory, the  Central  Radio  Propagation  Laboratory,  the  Institute  of 
Nuclear  Studies,  and  the  International  Astronomical  Union  will  be 
continued. 

5-  Papers  on  Radio  Astronomy  will  continue  to  be  collected  and 
abstracted  for  inclusion  In  future  bibliography  suppleaents. 
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